ABSTRACT In the presence of cortisol and prolactin, insulin at concentrations as low as 1 ng/ml significantly stimulates casein synthesis in mammary explants from midpregnant mice; maximal synthesis occurs at 10 ng/ml. However, in the absence of insulin, no detectable immunoprecipitable casein is produced. Insulin also supports enhanced accumulation of casein mRNA in the presence of cortisol and prolactin; neither epidermal growth factor nor somatomedin C has this effect. These inductive actions ofinsulin are not secondary to a general maintenance effect on the mammary epithelial cell; insulin, epidermal growth factor, and somatomedin C can support the accumulation of RNA in rough endoplasmic reticulum equally well. In addition, these effects do not reflect a specific insulin requirement for prolactin sensitivity; epidermal growth factor can support prolactin-induced total RNA synthesis as well as insulin can. The results demonstrate that, although insulin, epidermal growth factor, and somatomedin C can all function as cell maintenance agents, only insulin, together with cortisol and prolactin, can induce casein mRNA accumulation.
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Casein can be induced in mouse mammary explants in the presence of insulin, cortisol, and prolactin. Placental lactogen (1) and, in some instances, growth hormone (2, 3), can substitute for prolactin in this regard. Other glucocorticoids (4) can substitute for cortisol in this induction. On the other hand, other agents tested as possible substitutes for insulin have been found ineffective. Neither serum (5) nor epidermal growth factor (6) supports the induction of casein synthesis when used in the presence of cortisol and prolactin, although both are active mitogenic agents for mammary epithelial cells. Despite these findings, insulin has not been regarded as essential physiologically for phenotypic expression of casein genes in mammary epithelial cells (for review, see ref. 7) . Rather, it has been considered to function in cell maintenance in vitro. In more recent studies, it has been reported that prolactin (8) and cortisol (9, 10) tained from Calbiochem. The somatomedin C used was derived from the final high-pressure liquid chromatography purification step described previously (11) and was free of both insulin and insulin-like growth factor II. This material was 33% pure, as determined by radioimmunoassay; the amounts given below take this factor into account. Medium 199/Hanks' salts was purchased from GIBCO, Hepes was obtained from Sigma, and rabbit anti-sheep IgG antiserum was from Miles-Yeda. aip1, carrier-free, and [5_3H]uridine (30 Ci/mmol; 1 Ci = 3.7 X 1010 becquerels) were purchased from New England Nuclear.
Organ Culture. The abdominal mammary glands from C3H/ HeN mice, 10-12 days into theirfirst pregnancy, were removed under sterile conditions and explants were prepared as described (12) . The culture medium (medium 199/Hanks' salts/ 20 mM Hepes, pH 7.6) contained cortisol (1 jug/ml), prolactin (1 ug/ml), and insulin, epidermal growth factor, or somatomedin C at 50 ng/ml, unless otherwise stated. The explants were incubated in 35-mm Coming culture dishes at 37°C under air, and the medium was changed daily.
Assays. Casein was determined by immunoprecipitation (13) with sheep anti-mouse antiserum except that a 4-hr pulse with 33Pj (10 ,uCi/ml) was used instead of with [3H]amino acids. mRNAcsn was measured by RNA excess hybridization with a
[3H]cDNA probe complementary to purified 15S mRNAcsn (14) ; using this probe, the Rot1/2 [initial concentration ofRNA (moles of nucleotide/liter) x time (sec) for 50% hybridization] of purified mRNAcsn was 2.8 x 10-3 mol-sec/liter. Total RNA isolated from each experimental group except the cortisol/prolactin system did not vary significantly and averaged 0.58 ± 0.06 ,ug/mg; total RNA isolated from the cortisoVprolactin system was 0.38 ± 0.03 ,ug/mg. The amount of RNA in the rough endoplasmic reticulum (RER) was determined in a mammary-epithelial cell-enriched fraction as described (15) . The assays were performed after 48 hr of incubation.
Total RNA synthesis was measured in explants cultured first with insulin or epidermal growth factor for 96 hr and then for 12 hr with insulin and prolactin or epidermal growth factor and prolactin, respectively. During the final 4 hr, the explants were labeled with [ H]uridine (0.5 pACi/ml); the amount ofRNA synthesized was determined by the method of Green (16) .
RESULTS
The studies shown in Fig. 1 Table 1 con ofinsulin, epidermal growth factor, and somat port the accumulation of mRNA,=n in the pro and prolactin and the formation of RNA in RE] of cortisol. Serum somatomedin C levels in mouse are -100 ng/ml by radioimmunoassa due to limited supplies of somatomedin C, a 50 ng/ml was used in these experiments. E growth factor levels in the pregnant mouse ar basal levels are 1.5 ng/ml (18) . As serum levy crease at least 10-fold. during gestation (19 growth factor concentration of 50 ng/ml was: levels in the pregnant mouse reasonably. Insu at 50 ng/ml. (26) , and the administration of insulin to adrenalectomized rats induces the mRNA for tyrosine aminotransferase in the liver (27) . However, in the latter case, insulin is not unique; glucocorticoids can induce this enzyme in rat hepatoma cells cultured in the absence of insulin (28) . It is not clear whether insulin is an absolute requirement for 8-crystallin mRNA induction in lens epithelial cells; although serum can substitute for insulin in this regard (26) , the active component in the serum remains to be identified. Furthermore, there may be an as yet untested factor capable ofsubstituting for insulin, in the mouse mammary system. However, the previous.studies, together with the present-report, suggest that insulin may be indispensable for the expression of certain genes related to cell differentiation, in addition to serving as a metabolic and growth factor.
